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0 Radiation meter. 



® Measuring means comprising first and second 
silicon PIN diode detectors (1 . 2) both being covered 
witli a tliln layer of conducting material (3, 5) and tlie 
second detector being additionally covered witli a 
relatively ihlck layer of material (4), the thickness 
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being chosen such that beta radiation dose rate can 
be measured in beta radiation fields of high or 
medium energy, and in the presence of X and gam- 
ma radiation. 
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RADIATION METER 



FIELD OF THE INVENTION 

This invention relates to tlie measurement of 
beta dose rate, and more particularly to the mea- 
surement of beta dose rate using silicon PIN diode 
detectors. 

It Is known to use silicon PIN diodes as radi- 
ation detectors for X and/or gamma radiation, but 
such detectors are not at present used for the 
measurement of beta radiation in the presence of X 
and/or gamma radiation of comparable dose rate. 
The existing procedure and apparatus used for X 
or gamma dosimetry are not suitable for beta radi- 
ation dosimetry. 



SUMMARY OF THE INVENTION 

The main object of the invention is to provide 
an improved radiation meter v/hich Is capable of 
measuring a beta radiation dose rate in the pres- 
ence of extremely short wavelength electromag- 
netic radiation such as X and/or gamma radiation. 

The present invention in a preferred form is a 
radiation meter comprising first and second radi- 
ation detectors, a shield for each detector, the 
shield for the first detector being constituted by a 
thin layer of conducting material, and the shield for 
the second detector being constituted by either a 
thin layer of conducting material and a relatively 
thick layer of dielectric material or a thick alyer of 
low atomic number conducting material. The thin 
conducting layer over one detector shields that 
detector from electromagnetic interference while 
minimally shielding it from beta radiation, while the 
thick layer over the second detector also has at 
least one conducting component which shields it 
from electromagnetic interference, but, In addition, 
the greater total thickness significantly attenuates 
beta radiation. The thick layer should be composed 
of low atomic number materials. The responses of 
the two detectors m\\ be found to be virtually 
Identical for X and gamma radiation above, typi- 
cally, approximately 50keV but will differ signifi- 
cantly for beta radiation. In this way beta radiation 
dose rate can be measured in the presence of X 
and gamma radiation. 

Other objects and features of the invention will 
become apparent from the description which fol- 
lows by way of example. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows schematically the an'ange* 



ment of two detectors in a circuit suitable for im- 
plementing this invention; and 

Rgure 2 shows one embodiment of a radi- 
ation meter implementing the two detectors of the 
5 present invention. 

DETAILED DESCRIPTION 

The particular embodiment described 
10 hereinafter is concerned with measuring beta dose 
rate over an energy range of O.SMeV Emax to 
2.27MeV Emax. 

As shown in Figure 1 . two silicon PIN diodes 6 
. and 7, operated in the reverse biased, non-con- 
76 ducting mode may be used as the detecting ele- 
ments in detectors 1 and 2 respectively. The de- 
tector 1 is connected to an amplifier 10. The output 
of the amplifier is fed to a threshold detector 11 
which provides an output pulse when the output of 
20 the amplifier exceeds a threshold. The amplifier 
and threshold detector may be adjusted for the 
purpose of calibration. Output pulses from thresh- 
old detector 11 pass in turn to a counter 12 which 
is connected to one input of a calculation unit 13. A 
25 battery 9 provides the reverse bias for the diode or 
the like in the detector 1 and the circuit is com- 
pleted by a supply rail (not shown). 

The detector 2 is connected to an amplifier 
10a. The output of amplifier 10a is fed to a thresh- 
30 old detector 11a which operates in a similar way to 
threshold detector 11 described above. Output 
pulses from the threshold detector 11a pass in turn 
to a counter 12a which is connected to a second 
input of the calculation unit 13. A battery 9a pre- 
ss vides the reverse bias for the diode or the like in 
the detector 2. 

When mounted for operation in an instrument 
neither detector 1 or 2 should be covered by a 
significant thickness of high atomic number materi- 
40 als in the casing or elsewhere; nor should the 
sensitive layer in either of the detectors be covered 
by glass. 

One of the detectors 1 has the sensitive layer 
covered only by a thin layer of electrically conduc- 
es five material 3, which is adequate to provide elec- 
trical screening and which may be for example, a 
copper-coated synthetic plastic. The conducting 
material shields the detector from electromagnetic 
interference. The layer should be sufficiently thin 
so so as not to significantly attenuate beta radiation. A 
typical thickness may be of the order of 0.02mm. 

The other detector 2 is similarly covered with a 
thin layer of electrically conductive material 5 
(similar to the layer 3) and is additionally covered 
with a substantially thicker layer of low atomic 
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number material 4, which acts (as described later) 
as an absort^er and may, for example, be plastic of 
the order of 2mm thick or magnesium of the order 
of 1mm thick. Magnesium is one example of a 
metal which has an atomic number less than 20. 

The thick layer 4 should not be a complete 
attenuator of beta radiation, but should allow some 
transmission at high energies of beta radiation. 

If a high energy source of beta radiation is 
considered, and the response of a totally uncov- 
ered detector is defined as F, where F Is the count 
rate per unit dose rate, then the response of the 
detector 1 covered by the thin conducting layer 3 
will be kF, where k is the transmission of the layer, 
and k will be close to unity: for example, 0.9<k<1. 
The response of detector 2 will be mP, where m is 
the transmission of the combined cover of the thin 
conducting layer 5 plus the thicker layer 4, and m 
may be approximately 0.5. The difference in re- 
sponse between the two detectors in a high energy 
beta dose rate field will thus be: 
kF - mF = (k-m)F, which may be of the order of 
0.5F. 

If a medium energy source of beta radiation is 
considered, the response of a totally uncovered 
detector may be defined as S, which will be less 
than F. The response of detector 1 covered by this 
conducting layer 3 will be nS, where n is the 
transmission of the layer and is of the order of 0.5, 
determined by the attenuation of the covering ma- 
terial, which is itself determined by the degree of 
Immunity to electric and magnetic fields which is 
required. Comparing the two cases, n Is not equal 
to k because the electron energy is different In 
each case and hence the transmission is different. 
The response of detector 2 covered by the con- 
ducting layer 5 and the layer 4 will be close to 
zero. In tills case the difference in count rate be- 
tween the two detectors will be: 
nS - 0 = nS 

The thickness of the layer 4 is selected to 
compensate for the attenuation of the necessary 
thin conducting cover at medium energies of beta 
radiation, and to provide a difference In response 
between the two detectors at high energies of beta 
radiation whlclT is approximately equal to the dif- 
ference in response between the two detectors at 
medium energies of beta radiation. In other words, 
the difference In count rate obtained should be the 
same irrespective of actual electron energy. That 
being so the following result should hold: 
(k-m)F » nS 

The value of m can be calculated, for example, 
by measuring the values of k and F for 3°/Sr/^^Y 
beta radiation (Emax =2.27MeV), and the values of 
n and S for 2o+T1 beta radiation. This can then be 
converted into a value for the thickness of the layer 
4. 



It will be fpund that tiie response of the two 
detectors will be substantially Identical for X and 
gamma radiation under conditions of secoridary 
electron equilibrium, and tiierefore it is possible to 

6 measure beta radiation dose rate for medium and 
high energy beta emitters even though the radi- 
ation detectors might be In X and gamma radiation 
fields, the significant factor being the difference 
between the two count rates as a result of the 

10 attenuation of the beta radiation. 

Accordingly, the calculation unit shown in Fig- 
ure 1 , which may be a microprocessor for example, 
subtracts the value in the counter for detector 2 
from the value In the counter for detector 1, and 

75 divides the results by tiie appropriate factor, either 
(k-m) or n, to generate a value of beta dose, which 
Is approximately independent of energy for high 
and medium energy beta radiation. The values of 
(k-m) and of n are known for the particular anrange- 

20 ment of detectors used. 

In a possible embodiment of an instrument for 
use as a radiation meter, such as shown in Rgure 
2, tiie two detectors and the circuitry of Figure 1 
may be contained within a case 20. The case itself 

25 may be arranged to be a suitable absorber, such 
that a gap is provided in the case to accommodate 
the detector 1 which is covered only by tiie thin 
conducting layer 3, as shown. 

The second detector 2 Is positioned witiiin tiie 

30 case such that the case forms part of the layer 4 
protecting the diode. The diodes 6 and 7 on head- 
ers 8 may be type BPX65 with the glass window 
removed. 

The amplifier, threshold detector and counter 
35 for the full response beta channel (i.e. tiie detector 
having only the conductive shield) are located In- 
side the case as indicated schematically at . 21. The 
amplifier, tiireshold detector and counter for tiie 
half response beta channel are also located inside 
40 the case at 22, and microprocessor 23 Is similarly 
supported inside the case. A battery 24 provides 
the reverse bias for the diodes within tiie radiation 
meter, and a liquid crystal display 25 Indicates tiie 
measured beta radiation dose. 
46 A clip 26 may be provided on the case for 
attachment of the meter to a coverall pocket, for 
example, for ease of canrylng. 



so Claims 

1. A radiation meter comprising first and sec- 
ond radiation detectors and a shield for each de- 
tector, the shield for the first detector being con- 
es stituted by a thin layer of electrically conductive 
material, and the shield for the said second detec- 
tor constituting botii a shield against electromag- 
netic interference and means for attenuating beta 
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radiation, whereby beta radiation dose rate can be 
measured in the presence of X and gamma radi- 
ation. 

2. A meter according to claim 1 wherein the 
shield for the second detector is constituted by a 5 
thin layer of electrically conductive material and a 
relatively thick layer of dielectric material. 

3. A meter according to Claim 1 wherein the 
shield for the second detector is constituted by a 
relatively thick layer of low atomic number elec- io 
trically conductive material. 

4. A mete? according to any foregoing claim 
wherein the radiation detectors each comprise a 
reversed biased PIN diode. 

5. A meter according to any foregoing claim ts 
and including for each detector amplifying means 

and a pulse counter for developing a signal defin- 
ing a responsive dose rate. 

6. A meter according to claim 5 comprising 
means responsive to said signals to provide an 20 
output representing a difference in count rate of the 

two detectors. 

7. A meter according to claim 2 and claim 6 
wherein the layer of dielectric material has a thick- 
ness such that the difference In count rate of the 25 
two detectors is substantially independent of 
whether the beta radiation has high or medium 
energy. 

8. A meter according to claim 3 and claim 6 
wherein the layer of low atomic number electrically 30 
conductive material has a thickness such that the 
difference In count rate of the two detectors is 
substantially independent of whether the beat radi- 
ation has high or medium energy. 

9. A radiation meter comprising; a first detector 35 
having a first output and a first shield which inhibits 
electromagnetic radiation and does not significantly 
attenuate beta radiation a second detector having a 
second output and a second shield which inhibits 
electromagnetic radiation and attenuates beta radi- 40 
ation; and means for comparing the first and sec- 
ond outputs. 

10. A meter according to claim 5 wherein said 
means for comparing comprises for the first detec- 
tor a first amplifier, a first threshold detector and a 45 
first counter, for the second detector a second 
amplifier, a second threshold detector and second 
counter, and a calculation unit to which said first 

and second counters are connected. 
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